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(57) Abstract 

PROBLEM TO BE SOLVED: To 
suppress the substrate floating 
effect of a semiconductor device 
having a MIS field effect 
transistor on a semiconductor 
layer by forming at least one 
region having a recombination 
center structure for ionized 
charges in a polycrystalline Si 
film. 

SOLUTION: An n-type MIS 
transistor comprises an insulative 
substrate 10, polycrystalline Si 
layer 9 deposited on the 
substrate, source diffused layer 
20, source electrode 15 
connected thereto, drain diffused 
layer 19, drain electrode 14 
connected thereto, and gate 
electrode 1 8 connected through a 
gate insulation film 17 in the Si 
layer 9. Crystal defects are locally 
caused in a part between the 
transistor and substrate 10 at 
desired positions and depth by 
implanting ions of an element e.g. 
Si, Aran d Ne in the Si layer 9 to_ 
'" ^rrrTregtohs 1 1 as recombinationT 
' ^entersV Thus it is possible to 
suppress the substrate floating 
effect with holding the high speed 
and low operating voltage 
features owing to a low parasitic 
capacitance of the thin film 
transistor to obtain a high 
reliability semiconductor device. 
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Lines 1 0 to 44 of the right column on page 3 
[0012] Embodiment 1 

Figure 1 shows a structure in section of a semiconductor device 
according to Embodiment 1 of the present invention. A n-type MIS 
transistor is formed in a polycrystal silicon layer 9 of 100 nm in thickness 
deposited on an insulating substrate 10 made of glasses by a chemical 
vapor deposition. The transistor is composed of a source diffusion layer 
20, a source electrode 15 connected thereto, a drain diflRision layer 20, a 
drain electrode 14 connected thereto and a gate electrode 18 connected 
through a gate insulating film 17 having a thickness of 10 nm. Regions 
11, which are made of an amorphous silicon layer having a thickness of 
lOnm and serve as a mechanism of recombination center of charges, are 
provided in part of the region between the transistor and the insulating 
substrate 10. In the structure in which the ends of the recombination 
center regions 11 are respectively extended into a channel formation 
region 13 further than the ends of the source diffusion layer 20 and the 
drain diffusion layer 19, the injection of holes into the recombination 
center region 1 1 can be more effectively performed. 

[0013] A method of injecting neutral ions selectively is effective for 



1 



forming crystal defects functioning as the recombination center. As 
elements to be used for ionization, those satisfying the following 
conditions are desirable. The conditions are that; they are effective for 
both of n-type and p-type transistors; they don't form n and p conductivity 
by activation; and they have an atomic mass of 10 or more for forming the 
crystal defects. Examples that satisfy the conditions include Si, Ar, Ne 
and the like. Injection of ions of such elements into the poly crystal 
silicon layer enables to generate local crystal defects in an arbitrary region 
at an arbitrary depth in the polycrystal silicon layer, so as to form a region 
functioning as the recombination center. 

[0014] Figure 2 illustrates a formation method of the recombination center 
region with the use of Si ions. The polycrystal silicon layer 9 is 
deposited on the insulating substrate 10 and an ion-injection blocking 
mask 7 is formed thereon (Figure 2(a)). Further, Si ions, which are 
neutral ions, are injected, so that the recombination center region 11 is 
formed in part of the polycrystal silicon layer 9. The depth of the 
recombination center region 1 1 is controlled by controlling the energy at 
injecting the ions. Further, crystallinity is controlled by controlling the 
energy and the amount of the ions at injecting them. 

Lines 7 to 23 of the right column on page 4 
[0020] Embodiment 2 

Figure 6 shows a structure in section of a semiconductor device 
according to Embodiment 2. The n-type MIS transistor with a lower gate 
structure is formed in such a manner that the gate electrode 1 8, which is 
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made of polycrystal silicon containing phosphorous and has a thickness of 
50 nm, and the gate insulating film 17, which is made of Si02 and has a 
thickness of 100 nm, are deposited by a chemical vapor deposition on the 
insulating substrate 10 made of glasses, and the source diffusion layer 20, 
the source electrode 15 connected thereto, the drain diffusion layer 19 and 
the drain electrode 14 connected thereto are formed in the polycrystal 
silicon layer 9 with a thickness of 100 nm, obtained by depositing by a 
chemical vapor growth. The regions 11, which are made of an 
amorphous silicon layer having a thickness of lOnm and serve as the 
recombination center of charges, are provided in the surface portion of the 
polycrystal silicon layer 9 on the source diffusion layer 20 side of the 
transistor. A selective ion injection method is used for forming crystal 
defects serving as the recombination center, as referred to in Embodiment 
1. The depth of the recombination center region 11 is controlled by 
controlling the energy at injecting ions. 

Line 48 of the right column on page 3 to line 10 of the left column on page 
4 

[0022] Embodiment 3 

Figure 7 shows a structure in section of a semiconductor device 
according to Embodiment 3 of the present invention. The n-type MIS 
transistor is formed in the polycrystal silicon layer 9 of 100 nm in a 
thickness deposited on the insulating substrate 10 made of glasses by a 
chemical vapor deposition. The transistor is composed of the source 
diffusion layer 20, the source electrode 15 connected thereto, the drain 
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diffusion layer 19, the drain electrode 14 connected thereto and the gate 
electrode 18 connected through the gate insulating film 17. A lightly 
doped impurity diffusion layers 21 and 22 are formed under the drain 
diffusion layer 19 and the source diffusion layer 20, respectively. 
Moreover, the region 11 serving as the recombination center of ionized 
charges is provided in each of the lightly doped impurity diffusion layers 
22 and 21. 

Lines 5 to 12 of the right column on page 5 
[0026] Embodiment 4 

Figure 8 shows a structure in section of a semiconductor device 
according to Embodiment 4 of the present invention. Similar to 
Embodiment 2, the lightly doped impurity diffusion layers 21 and 22 are 
provided, for decreasing the difference of diffusion potentials between the 
source and the substrate. The present embodiment is characterized in 
that the heavily doped drain diffusion layer 19 and the heavily doped 
source diffusion layer 20 are directly connected to the recombination 
center region 1 1 . Electrons for hole disappearance are supplied from the 
source diffusion layer 20. 

Lines 25 to 29 of the right column on page 5 

[0028] The amorphous region 1 1 serves as the recombination center. The 
distance between the recombination center region and the channel region 
13 is controlled by the film thickness of the gate sidewall insulating film. 
The distance is preferably 100 nm or less so that charges reach the 
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recombination center and then disappear. 
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